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Accident management, 16-17 

Accident sequence probabilities, 84-9 

AFWS, 97-8 

Aging pipes, reliability analysis, 427-46 

Algorithmic cost optimization, and 
maintenance scheduling, 102-5 

Apostolakis method, 55-6 


BARP, 399-407 
computer program, 401-3 
DPD, 401-5 
examples of, 403-4 
Bayesian data analysis, maintenance 
scheduling, 105-6 
Bayesian diagnostics, and COPILOT, 
219-37 
evolution of, 229-30 
‘homing-in’ strategy, 222-3, 233 
human action and, 222, 233 
simple, 227-9 
time dependence, 221-2 
variation of, 230-3 
see also Multiple failure 
Bayesian probability models, 41-3 
Bayesian reliability programs, 399-407 
Bayesian theory, 170-3 
Belief, 165-8 
functions, 167-8 
Belief functions, 167-8 
combination of degrees, 170-9 
definition of, 167-8 
see also Bayesian theory; Dempster- 
Shafer theory 


BETA, and PRA, 79-84 
accident sequence editing, logic of, 84-7 
accident sequence probability display, 

88-9 
base case system failure probability 
editing, 86-7 
binary conditional editing, 87-8 
editing, 84-8 
event tree display, 88 
input for, 83 
input preparation, 81-4 
main menu of, 84-5 
new data file reading, 89-90 
operations description, 91-2 
printout, 89 
problem title editing, 87 
requirement for hardware, 84 
save data file, 89 
secondary tree linking, 90-1 
system identification editing, 87 
use of, 84-91 

Binary-conditional editing, 87-8 

Binary tree diagnostic inference, 29-30 

Building structural system fragility curves, 

409-26 


CAFTA code, 362, 364 
Causal reasoning, 76 
Cause-consequence diagrams, 28-30 
Certain equivalent, 123 
Certainty factors, 43 

see also Uncertainty 
Chance node removal, 133-4 
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Child probability distribution, 109-10 
China, THPSA in, 301-11 
Classic fault tree, and diagnostics, 28-9 
Coalescence decision tree, 131-3 
non-separable, 131-2 
separable, 133 
Cognitive sub-event model, 54-5 
Common cause failure, 335 
Combination of knowledge, 170-7 
Bayesian, 170-1 
Dempster, 174-7 
Computer-aided modelling problems, 
381-2 
Computerized systems, and PSA, 3-20 
see also under specific programs 
Constraint-based reasoning, 76 
CONTAIN relations, 111 
COPILOT, 219-37 
role of, 220 
screen for, 226-8 
software for, 226-7 
Cost optimization, and preventive 
maintenance scheduling, 99-105 
algorithm, 102-5 
allocating indirect safety, 100-2 
direct/indirect, 99-100 
COST (SUPER-NET), 286 
Crack growth, in aging pipes, see 
PRAISDPD 
CRESSC, 7 
CRESSEX, 7 
Cutset generation program, for KIRAP, 
317-20 
CUTSET (SUPER-NET), 279-80, 284-5 


Decision analysis 
automation of, 115-62 
deterministic modelling, 120-1 
DPL and, 139-43, 146-7, 154-8 
features of, 117-18 
implement selection, 143-4 
INDIA, 145-7, 150-4 
influence diagrams, 133-8 
performance comparisons, 158-61 
probabilistic modelling, 121-2 
problem analysis, 122-4 
problem structure, 118-19 
process of, 118-25 
results communication, 124 
software, 144 
supertree, 145, 148-9 

trees, 125-33, 138 

use with IGSCC, 117-18, 122 
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Decision-making, in PSA, 3-20 
Decision programming language, see DPL 
Decision trees, 125-33 
asymmetric, 131 
coalescence, 131-3 
computation, 130-3 
computational properties, 130-3 
enumeration properties, 130 
generalizing structure, 128 
influence diagrams, 138 
representational properties, 127-30 
roll back, 127 
roll forward, 125-7 
Deep modelling, 76 
Degree of belief, See Belief 
Dempster-Shafer theory, 43-5, 168, 174-7 
Deterministic modelling, 27-40, 120-2 
cause-consequence, 28-30 
fault trees, 28-30 
graph networks, 32-8 
qualitative reasoning, 38-9 
rule networks, 32-8 
sensitivity analysis, 121 
value model, 120-1 
Deterministic models, classes of, 39-40 
Diagnostic fault trees, classic and, 28-9 
Diagnostics, process management, 21-50 
outline of, 25-7 
Diagram properties, of REX, 215 
Discrete probability distribution, in BARP, 
401-5 
Disturbance analysis system, 22 
DPL, 138-43, 146-7, 154-8 
basics of, 138-9 
computation, 143 
IGSCC, 153-5 
representation, 139-43 
solution procedure, 139 
Dubois-Prade knowledge combination, 
177-9 


Editing, event tables, 84-9 
accident sequence logic, 84-7 
base case system failure probabilities, 
87 
binary conditions, 87-8 
problem title, 87 
system identification, 87 
Engineering process management 
diagnostic models, 21-50 
ESSM, 16 
ETAAS, 298 
EventMAP, 67, 69-70, 72-5 
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Event-table editing, 81-4 
BETA input, 81-4 
encoding, 81 

Event tables, and PRA, 79-84 

Event tree construction, 65-78 
EventMAP, 72-5 
knowledge-based approach to, 69-72 
risk analysis, 67-9 

Event tree display, 88 

Event trees 
example of, 68-9 
risk analysis and, 67-9 
secondary linkages, 90-1 
see also Decision trees 

Expected values, 123-4 

Expert estimation, 55 

Expert systems, 5, 18, 382-4 

architecture of, 383 

fragility curves, 409-26 

HAZOP and, 469-70 

see also REX; Rule networks 


Facts base, 6 
Failure Mode and Effect Analysis. See 
FMEA 
Fault tree analysis, RELTREE, 326-8, 
330-3 
Fault tree construction, 5-6 
macro-, 390-4 
Fault tree data output, 9-10 
Fault tree data input, 9 
Fault tree drawing, THPSA, 303 
Fault tree editor, in KIRAP, 315-17 
logic check module, 317 
modularization module, 317 
module, 315-17 
Fault tree editor, STARS, 395 
Fault tree evaluation, 6—12 
mainframe-specific, 7-8 
PC-specific, 8-9 
Fault tree programs, 8-12 
Fault tree quantification, 5-6 
Fault trees 
binary, 29-30 
cause-consequence, 28-30 
classic vs. diagnostic, 28-9 
FMEA, 384-5 
Fragility curves, 409-26 
equation for, 413 
inference network, 419-23 
knowledge acquisition, 414-16 
knowledge representation, 416-19 
simplified, 411-14 
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FRANTIC, 7, 281-2, 285 
FTAP, 7 
Fuzzy set theory, 45 


Generic transient event table, See Event 
tables 
CO-method, 76 
Graph io (REX), 205 
Graph networks 
diagnostic modelling, and, 32-8 
LFM, 33, 35-7 
MTF, 35 
NNIO, 35 
SDG, 37 


Graphic system-diagram representation, of 


REX, 203-8 
GREDIT, 303 


Hazard and Operability Analysis. See 
HAZOP 
HAZOP, 384-5, 467-75 
expert systems and, 469-70 
process of, 469-70, 474-5 
software, 469-70 
‘Homing-in’ strategy, 222-3 
HRA. See Human reliability analysis 
Human cognitive reliability code, 60 


Human cognitive reliability correlation, 53 


Human error probability data, 12-13 
Human performance analysis, RISK 
DISK, 367-8 
Human process management, 22-5 
Human reliability analysis, 51-64 
implementation of, and PCs, 56-1 
methods for, 52-6 
see also specific methods of 
Human Reliability Calculator. See 
HURECA 
HURECA, 60 
Hydrogen sulphide, 455-66 


Icons, of REX, 204-5, 207-8, 214 
connecting two, rules for, 207-8 
drawing/selecting, 207 
specific, 205 

IEIQ, 298 

IGSCC, 142, 153-5, 159 

IMPORT, 7 

Importance correction factors, 102 

INDIA, 145-7, 150-2, 154, 159-61 
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Indirect safety cost optimization, 
preventive maintenance scheduling, 
99-102 

allocating, 100-2 
Inferencing techniques, 27-8 
Influence diagrams, 133-8 

barren node removal, 133 

chance node removal, 133 

computation, 137-8 

decision node removal, 134 

free, and, 138 

representation, 134-7 

INPUFF, 457, 459-63 

Integrated Reliability & Risk Analysis 
System. See IRRAS 

Intelligent decision aids, 195-218 

Interactive computer-based procedure. See 
MAUD 

Inter-granular stress-corrosion cracking, 
decision analysis, 177-18, 122 

see also IGSCC 

IRRAS, 239-69 

BUILD fault trees, 248-9 

CREATE event tree, 256 

cut set display, 254-6 

cut set editors, 252-3 

cut set generation, 264-5 

data base facility, 246-7 

development history, 241-2 

event tree model creation, 258-64 

fault tree analysis, 249, 252 

fault tree build option, 242-5 

features of, 242-66 

menus, 247 

MODIFY data base, 257 

modify event data option, 250-2 

options with, 247, 250, 256-8 

REPORT data base option, 257 

SEQUENCE analysis option, 256-7 

uses of, 267-9 

UTILITY options, 257-8 

IRRAS 1.0, see IRRAS 

IRRAS 2.0, see IRRAS 

IRRAS 3.0, see IRRAS 


Japan, probabilistic safety and, 293-300 


KEE, 107-12 
KIRAP, 313-22 
application, 320-1 
CUT, 317-19 
description, 314-20 
RESULT, 317-20 
TREE (fault editor), 315-17 


Knowledge acquisition, and seismic 
fragility, 414-16 
Knowledge-base hierarchy, 224-6 
Knowledge-based support, and trees, 
65-78 
Knowledge bases, 5-6, 383 
maintenance scheduling, 93-114 
STARS, 387-90 
Knowledge-base structuring, and 
COPILOT, 222-6 
Knowledge combination 
Bayesian, 170-1, 179 
Dempster, 174, 179 
Dubois-Prade, 177-9 
possibility theory, in, 177-9 
Knowledge representation, 70 
Knowledge representation, and preventing 
maintenance scheduling optimization, 
106-112 
enhancement to, 107-12 
equipment hierarchy, 107-8 
Knowledge representation, and seismic 
fragility, 415-19 
Knowledge system 
advantages, 67 
definition, 66 


Living PRA, 351-2 

LOCA frequency, and pipe break, 428-9 
Log EV model (RISK DISK), 369, 376-7 
Logic flowgraph methodology, 33, 35-7 
Log N model (RISK DISK), 369 


Macro fault tree construction, 390-4 
Maintenance-Advisor system, 110-13 
Maintenance personal performance 
simulation. See MAPPS 
Maintenance scheduling, 93-114 
MAPPS, 56, 61 
Master Plant Logical Diagram, 197-201 
MAUD, 55, 59-60 
MODESTY, 298 
Monte-Carlo simulation, 6, 185 
SUNS, and. See SUNS 
Motor operated valve (MOV), 106 
STARS and, 393-4 
MOV. See Motor operated valve 
Multi-attribute utility decomposition. See 
MAUD 
Multiple failure, 223, 233-5 
Multiple transfer functions, 35 
MYCIN, 164 
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NCR, 14 
NEFTRAN, 190 
Node removal, and influence diagnosis, 
133-4 
barren, 133 
chance, 133-4 
decision, 134 
Non-linear node input operators. See 
NNIO 
Non-probabilistic theory, uncertainty, 
163-81 
Non-separable coalescence decision trees, 
131-3 
NUCLARR, 14 
Nuclear power-plant safety, 15-16 
process industries, 470-2 
THPSA, 301-11 
NUPRA software, 339-53 
applications, 344-7 
quality control, 347-9 
specifications, 341 
workstations and, 340, 342, 344 


OAT, 52 
Operator Action Tree method. See OAT 
Operator reliability experiments. See ORE 
Optimal policy, 122-3 

certain equivalent, 123 

expected value, 123 

risk profiles, 123 
ORCHARD, 8-12 
ORE program, 53-4 


Parent probability distribution, 109-10 
PART-OF model, 100 
PART-OF representation, 111 
PCs. See Personal computers 
see also under specific software packages 
for 
Performance shaping factors, and 
Apostolakis method, 55-6 
Personal Computer Transient Analyser, 
57 
Personal computers, 5 
COPILOT, 219-37 
fault tree evaluation, 8-11 
human reliability analysis, 51-64 
probabilistic safety, in Japan, 293-300 
use of, 57-61 
see also under specific software packages 
for 
PIN. See Probabilistic inference network 
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Pipe break modelling, 427-46 
Thomas, 429-32 
Pipe reliability analysis, 427-46 
Pipes, sour gas, 455-66 
Piping Reliability Analysis Including 
Seismic Events. See PRAISE model 
Plant modelling, and fault trees, 5-12 
PM. See Preventive maintenance 
scheduling 
PMS. See Process management systems 
Possibility, 168-70 
definition of, 169 
knowledge combination, and, 177-9 
PRA 
BETA, 84-92 
characteristics of usable, 356 
and event tables, 79-84 
integrated approach to, 357-63 
internal/external reviews, 350-1 
IRRAS, 239-69 
living, 351-2 
LOCA probabilities, 432-3 
REX, 195-218 
software development, 339-40 
study documentation, 350 
technology, 349-50 
work-station impact on applications, 
355-65 
see also PSA 
PRA work-station applications, 363-5 
alternatives, assessment, 364—5 
core-damage risk, 364 
integrated work package, 365 
training programme, 365 
Prade. See Dubois—Prade knowledge 
combination 
PRAISDPD, 427-46 
workings of, 441-4 
PRAISE code, 427-46 
PRAISE model, 434-40 
crack depth probability, 437-9 
crack probability, 437 
fatigue crack growth, 437 
inspection detection probability, 439 
numerical simulation, 440 
Preventive maintenance scheduling, 93-114 
Bayesian data analysis, 105-6 
cost optimization, 98-105 
implementation of, 111 
knowledge representation, 106-12 
methodology of, 96-112 
objectives of, 95 
terminology, 95-6 
PRISM, 16 
Probabilities, 165-7 
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Probabilistic data processing, 12-14 
Probabilistic inference network, 40, 42 
example of, 42 
Probabilistic inheritance, 108 
Probabilistic modelling, 121 
Probabilistic risk analysis. see PRA 
Probabilistic risk assessment. see PRA 
Probabilistic safety assessment. see PSA 
Probabilistic theory, uncertainty. 163-81 
see also Certainty 
Probability distribution, and preventive 
maintenance, 109-10 
child, 110 
parent, 109-10 
Problem analysis, and decision analysis, 
automatic, 122-4 
Problem structuring, and decision analysis, 
118-19 
Process diagnosis, 23 
Process industries, and risk management 
software, 467-75 
friendly, 472 
Process management system functions, 
23-5 
conceptual architecture, 25—7 
Process monitoring, 22 
Process recovery, 23 
Program codes, and PSA, 8-12 
Programs, fault tree, 8-12 
PSA, 163-81 
accident management support, 16-17 
computer tools, 275-6 
computerized systems, 3-20 
documentation, 275 
level 1, 301-11 
living concept, 273-7 
new software development, 333-7 
plant operations support, 15-16 
PSAPACK, 447-54 
quantification/decision making, 14-17 
safety assessment support, 15 
software. See under specific names of 
packages for PCs 
structure approach, 276-7 
SUPER-NET, 271-91 
see also PRA 
PSAPACK, 447-54 
extension of, 449-51 
version 2.1, 448 
version 4.0, 451-4 


Qualitative reasoning, 38-9, 76 
example of, 38 


QUEST, 293-300 
design, 293 
future of, 299 
operational use of, 297 
systems analysis code network, 297-9 


Radioactive waste disposal, risk 
assessment, 183-93 
RALLY, 7-8, 18 
RATEX, 7 
Reliability analysis 
human, 51-64 
intelligent decision, 195-218 
see also under specific software for 
Reliability centered maintenance, 94-5 
RELTREE, 8-12, 323-38 
data base structure of, 330 
fault tree analysis, 330-3 
fault tree analysis module, 326-8 
fault tree editor, 325-6 
history of, 328-9 
performance of, 329-30 
Risk Spectrum, 335-7 
REX, 195-218 
description of, 200 
failure data, component, 208-9 
icons of, 204—5, 207-8 
implementation, 216-17 
integration, 214-16 
performance, system analysis, 208-14 
plant reliability model, 197-9 
success paths, automatic generation, 
209-14 
system diagram graphic representation, 
203-8 
RISA, 7 
Risk analysis, 67-9 
Risk assessment software, and 
radioactivity, 183-93 
RISK DISK, 367-78 
conceptual model, 368 
data aggregation, 371-5 
delay/start, 369 
diagnostics, 370-1 
log EV model, 369, 376-7 
log N model, 369 
mathematical models, 369, 375-8 
response time’s window exceedance 
probability, 371, 377-8 
RISKMAN, 15 
Risk-management task relations, 68-9 
RiskMAP, 69 
Risk profiles, 123 
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Risk Spectrum, 335-7 
see also RELTREE 
RMQS, 364-5 
Roll back decision tree solution, 127 
Roll forward decision tree solution, 125-7 
Rule base, 6 
Rule networks, 30-2 


Safety analysis. see specific software 
see also PSA 
Safety, and costs, 99-105 
SALP-PC, 8-12 
SAMPLE (SUPER-NET), 285-6 
Sandia recovery model, 54 
SARA, 15 
Secondary event trees, 90-1 
Seismic fragility. See Fragility curves 
SENS, 285 
Sensitivity analysis, and decision analysis, 
124 
Sensitivity and Uncertainty Analysis Shell. 
See SUNS 
Separable decision trees, 133 
SETS, 7 
SHARP, 56 
Signed Directed Graph, 37 
SLIM/MAUD, 55, 59-60 
outputs, 58 
success-likelihood indices, 58 
Software, for PSA, development of, 333 
requirements of, 334-5 
Software Tool for the Analysis of 
Reliability and Safety. See STARS 
Software uses. See under specific PC 
software packages 
Sour gas pipelines, 455-66 
Split-fraction probabilities, 54—5 
STARS, 379-97 
fault tree construction, 386-94 
implementation, 394-5 
knowledge base, 387-90 
macrofault tree construction, 390-4 
project, 384-6 
STATGRAPHICS, 59 
STATISTICS DRIVER, of SUNS, 186, 189 
Stress-corrosion cracking, decision 
analysis, 117-18, 122 
STREUSL, 7 
Success likelihood index (SLI), 55 
Success likelihood index method. See 
SLIM/MAUD 
Success-likelihood indices, and 
SLIM/MAUD, 58 
Success path generation, REX, 209-13 
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SUNS 
cumulative distribution function, 191-2 
NEFTRAN, 190-2 
outline of, 184-9 
sample application, 189-92 
structure of, 186 
SUNSOUT, 189 
SUPER-NET, 271-91 
applications of, 287-90 
background to, 272-3 
features, 277-87 
PSA, 273-6 
structure approach to, 276-7 
Supertree, 145, 147-50, 279, 283-4 
Systematic human action reliability 
procedure. See SHARP 
Systems analysis code network, and 
QUEST, 297-9 


Technique for Human Error Rate 
Prediction. See THERP 
Temporal reasoning, 76 
THERP, 52 
Thomas pipe break model, 429-32 
THPSA, 301-11 
fault tree drawing, 303 
general structure of, 303-5 
qualitative analysis, 302 
quantitative analysis, 302 
TIMBER, 7 
Time reliability correlations, 53 
Toxic gas accidents, 16-17 
TREBIL, 7 
Trees. See Decision trees 
see also under specific types of 
TYPE-OF representation, 108-9 


Utility alternatives, 119 

Uncertainty modelling, 40-7, 163-81, 220-1 
Bayesian probability, 41-2, 220-1 
certainty factors, and, 43 
Dempster-Shafer theory, 43-5 
diagnostic hypothesis verification, 46-7 
fuzzy sets, 45 
probability-theory associated, 46 

User interface screen, 74 


Valve hierarchy, and Bayesian data 
analysis, 105-6 


Weibull distribution, 53 
see also Log EV 
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